Abstract: Schools are a key setting for promoting physical activity in children. There is little evidence on the potential of widely implemented programs to improve the quality of physical education (PE). The aim was to assess the effects of a short training course for classroom teachers on the quality of PE, assessed as activity time during PE. A quasi-experimental study was conducted with 6 intervention (N = 86) and 13 control classes (N = 151). Schools were selected in a random procedure (26.9% participation). Participation in children was 86.2% (mean age 7.8 years, 48.9% girls). Physical activity was assessed objectively using accelerometers. Effect on time spent in sedentary, moderate, vigorous and moderate-tovigorous (MVPA) activities, steps and counts/minute during PE were analysed using t-tests and mixed linear models. Physical activity time increased significantly in the intervention but not in the control group between baseline and follow-up (relative increase in moderate-to-vigorous physical activity of 12% in intervention group). Increases were strongest in girls and in children inactive at baseline. In the mixed linear models adjusted for clustering, the effects were significant in girls for vigorous activities, sedentary time and counts/minute, in inactive children for steps. Results indicate that a short training course for classroom teachers can have subtle positive effects on physical activity time during PE. Girls and the most inactive children at baseline profited most from the intervention. 
Introduction
The beneficial effects of regular physical activity on children's physical and mental health are well recognised [1] . Schools are ideal settings to reach all children and intense school-based physical activity interventions have been shown to be effective in increasing activity levels in children [2] [3] . Physical education (PE) is often an intervention element. Studies focusing specifically on physical activity during PE lessons reported that higher teachers' skills were associated with more activity time during PE [4] [5] , indicating a quality improvement of PE. However, there is a lack of evidence for the effectiveness of interventions that have the potential for wide implementation [6] .
In Switzerland, the KISS study is an example of a school-based intervention that effectively increased physical activity levels in children [7] . However, the program was complex and demanding and therefore a wide implementation is challenging. On the other hand, the Swiss Youth + Sport (Y + S) program is an example of a nationally implemented program for physical activity and sport promotion in older children and adolescents. The program exists since the 1970ies, is embedded in the national sports law and has an annual budget of CHF 60 Mio (around €75 Mio). In Switzerland, a country with 8 million inhabitants, around 12,000 instructors are trained and 100,000 actively involved every year, around 55,000 sport courses and camps are offered and more than half a million children and adolescents participate each year [8] . Y + S sport courses and camps can be offered by trained Y + S instructors in different settings such schools, sport clubs or youth clubs and therefore reach a variety of different children and youth. To become a Y + S instructor, individuals have to complete a 6-day basic training course in a specific sport discipline and to visit additional course modules every two years in order to keep their Y + S instructor's license.
As an extension of Y + S operating since 2008, Y + S Kids targets children aged 5 to 10 years. Y + S Kids received an additional budget of CHF 20 Mio (around €25 Mio) per year. The program is organised in two settings, namely in schools and in sport clubs. The aim of the school setting is to reach all children, in particular the less active ones, by providing one or more additional PE lessons per week in the frame of extracurricular sports. Classroom teachers offering these additional lessons are trained during a two-day course. The aims of Y + S Kids are to improve the quality of sports lessons and are mainly based on sport pedagogic approaches. However, one quality criterion for "good" PE and sports lessons is a high activity time [4] and it has been recommended that children spend at least 50% of their PE time physically active [9] [10] .
Y + S Kids has not only the potential to quantitatively increase physical activity through the additional Y + S Kids lessons, but may also improve the quality of the regular three PE lessons per week required by Swiss federal law through the teachers' training course. In most parts of Switzerland, PE in primary school is given by classroom teachers and not specialists, and the two-day training course should improve their PE teaching skills with the result-among others-of more activity time for children. This could be especially important for less active subgroups of children, such as girls [11] [12] . Furthermore, new movement skills obtained during the additional Y + S Kids lesson may also motivate children to be more active in other contexts.
The potential for the nation-wide implementation of Y + S Kids is based on the short and feasible intervention (two-day training course for classroom teachers, additional PE lesson for children in the context of extra-curricular sports), the sufficient and long-term funding, and the available organizational structures and processes set up since the 1970ies in the frame of Y + S. The effectiveness of the program has not yet been evaluated.
The aims of this study were to describe physical activity time during PE lessons in school children aged 7 -9 years and to assess changes in physical activity time during PE after the classroom teacher had participated in Y + S Kids teachers' training course. A special focus was on potential sex differences and differences between inactive and active children at baseline. Furthermore, the acceptance and satisfaction with the Y + S Kids teachers' training course will be reported.
Methods

Study Design, Recruitment and Participants
A quasi-experimental study was conducted between April and September 2012 including 6 intervention (n = 86) and 13 control classes (N = 151). Schools were selected in a random-based multi-step procedure in cooperation with the public administration of the Swiss Canton of Aargau in autumn/winter 2011/12. Within schools, inclusion criteria for teachers and their classes were that participating teachers had not yet participated in a Y + S Kids teachers' training course, that they taught first, second or third graders and that they were going to keep the same class in the school year 2012/2013. In total, 72 schools were contacted; 31 (43.1%) did not meet the inclusion criteria (i.e. there were no teachers fulfilling the inclusion criteria). 19 (46.3%) of the eligible schools declined to participate, 5 (12.2%) could not be reached and 6 (14.6%) could be reached but did not answer back. If a school was eligible and interested in the study, the head of the school contacted eligible teachers and provided their names to the study team if they wanted to participate. The study team then contacted the teachers directly. Overall, 11 (26.9%) of the eligible schools participated in the study, two among them providing two classes each, yielding a total of 13 classes. Finally, 6 more classes from 3 additional schools were recruited with a snowball system, totalling 19 classes from 14 schools. Those teachers willing to participate in the intervention arm of the study were allocated to the intervention group, the other teachers to the control group. All teachers were aware that we were interested in the evaluation of the Y + S Kids teachers' training course, however they were not aware that we looked specifically at time spent actively during PE lessons.
Intervention and control classes were not in the same schools. The sample size calculation was based on the following assumptions: based on another Swiss study [12] , we expected 15 min (SD 10 min) of moderate-tovigorous activity (MVPA) in a PE lesson of 45 min. We assumed that after the intervention MVPA would increase to 18 min. With a power of β = 0.8, a significance level of α = 0.05 and adjustment for clustering within classes, using an intraclass correlation coefficient of ρ = 0.2 [13] , we expected to be able to show statistically significant intervention effects with about 130 individuals per group.
In each class, parents were informed about the study by a member of the research team during an information event. Written parental consent was obtained for all participating children. The study was approved by the Ethics Committee of the Canton of Aargau, Switzerland. Due to organisational issues, the study could not be blinded; teachers were aware of the group they were in and the group allocation of the classes was known to the assessors. However, teachers were not aware that activity time during PE lessons would be analysed specifically.
Assessments
Baseline assessments took place in April/May 2012, follow-up assessments in September 2012. Physical activity was measured objectively using accelerometers (Actigraph GT3X or GT3X+, Pensacola, FL, USA). The children were asked to wear the devices during 7 consecutive days on the right hip while awake. Detailed instructions were given during a fitness test organised in the frame of this study. An accelerometer was attached to each child's hip by a member of the research team. Children were asked to remove the accelerometers while sleeping and during water-based activities. An epoch time of 5 seconds was chosen in order to account for the short bouts of moderate and vigorous activities usually observed in children [14] . At follow-up, the same accelerometer used at baseline was given to each child.
For the present analyses, physical activity data during regular PE lessons were included while the extra-curricular Y + S Kids course for children was not. Generally, three PE lessons per week are compulsory in Switzerland. However, one lesson per week may be replaced by a swimming lesson (during which children did not wear the accelerometer). The days and time of PE lessons were available from the teachers. Information on whether a child had participated in the lesson was available from a short diary that the parents completed during accelerometer assessments. A child was included if data was available for at least one PE lesson both at baseline and follow-up. On average, 2.1 and 2.4 PE lessons per class took place at baseline and follow-up, respectively. Accelerometer data of the children was available for 91.4% of lessons at baseline and for 82.8% at follow-up with no differences between groups, gender and activity level at baseline. The software Actilife 6 was used to extract and process the data. Time spent in sedentary (0 -25 counts/15seconds), light (26 -573 counts/15seconds), moderate (574 -1002 counts/15seconds) and vigorous (≥1003 counts/15seconds) physical activity was calculated based on cut points developed by Evenson et al. [15] . These cut points were chosen as they performed best in a comparison study [16] . In addition, the number of steps and the mean counts per minute were analysed. Most PE lessons were 45 minutes, however a few were longer (mean 46.1 minutes at baseline and 45.2 minutes at follow-up) and therefore the data were standardised to a PE lesson of 45 minutes.
During the fitness test, height and weight were measured and body mass index (BMI) was calculated. Ageand sex-specific cut points were used to define overweight [17] . Parental education and place of birth were as-sessed in a parental questionnaire. High education was defined as having a tertiary education such as a university degree. Children were classified as having a migration background if at least one parent was born abroad [18] .
Intervention
The intervention was a standardised two-day Y + S Kids training course for classroom teachers, which was held on a weekend in June 2012. The aim of the training course was to support classroom teachers to plan and conduct PE lessons that are more age-specific and intense. The focus was practice-oriented, providing participants with a wealth of new didactical material such as model lessons, booklets or music CDs for physical activity and sports in young primary school children. A specific emphasis was given to organisational aspects such as giving children the opportunity to learn and experience different activities during most of the lesson. In addition, teachers had to learn about the specific administrative requirements of the Y + S Kids programme. Increasing physical activity time during regular PE was not an explicit goal of the teachers' training course and was thus not communicated to the teachers as such.
A standard course evaluation took place among all course participants (N = 41, including the six teachers of the intervention classes) using questionnaires. Course satisfaction and practicability were assessed with fivepoint likert scales; course organization, infrastructure, content and instructors with open-ended questions. In addition, the six teachers of the intervention classes were contacted by telephone in November 2012 to conduct a structured interview with open-ended questions. Teachers were asked about their satisfaction with the course five months later and their experiences in implementing course contents into the Y + S Kids course they offer for their students.
Statistical Analyses
The outcome measures used were time spent in sedentary, moderate, vigorous and MVPA, as well as the total number of steps and the mean counts per minute during PE. Descriptive analyses included means and standard deviations. Unpaired t-tests were used for the comparison between intervention and control group and paired t-tests for the comparison between baseline and follow-up levels within groups in unadjusted descriptive analyses. Two-sided p-values were used and the significance level was set to p < 0.05. Regression models adjusting for clustering within classes were used to compare baseline and follow-up values between groups.
Tertiles according to MVPA during PE at baseline were calculated for the intervention and the control group separately in order to perform sub group analyses for the most inactive compared to the most active children.
Mixed linear models adjusted for sex, age, education of parents, child's migrational background and overweight were used to simultaneously analyse the effects of time and group. The reported values are the time × group interaction terms that allow identification of potential differences in changes between groups over time. For each model p values for two versions are presented, one without and one with taking into account clustering within classes (effect estimates remain the same irrespective of taking into account clustering). Analyses were carried out using STATA version 12 (StataCorp LP, College Station, Texas, 2011).
Results
Participants
The 19 included classes comprised 340 children of which 293 consented to participate (86.2%). For the present analyses, only children with physical activity data of at least one PE lesson at baseline and follow-up were included (N = 237, 80.9% of participating children). Table 1 presents the characteristics of the included children (N = 237). There were no significant differences between the intervention and the control classes except that a lower proportion of mothers of children in the intervention classes had a high education (p = 0.02). Table 2 presents the physical activity time during PE lessons at baseline and follow-up separately for the intervention and the control group. At baseline, children in the intervention group spent 27.6% of their PE time in MVPA, those in the control group 31.8%. After adjustment for clustering within classes, baseline differences between intervention and control group were not significant (all p ≥ 0.22). Girls were significantly less active during PE at baseline than boys according to all variables (all p ≤ 0.001, intervention and control group together). Sex differences were still present at follow-up for some variables, however they were less pronounced in the intervention group.
Changes in Physical Activity during PE Lessons
Overall, there was a relative increase of 12% in MVPA in the intervention group while there was no change in the control group. Table 2 displays changes between baseline and follow-up in boys and girls. In girls of the intervention group, there was a significant decrease in sedentary and a significant increase in activity time between baseline and follow-up for all variables. In boys, there was only a significant increase in the number of steps. In the control group, the only significant changes were a decrease in steps in boys and an increase in time spent in moderate activities in girls.
Furthermore, children in the lowest tertile according to MVPA during PE at baseline were compared to those in the highest tertile ( Table 3 ). In the intervention group, there was a statistically significant increase in all activity variables in the most inactive third (all p < 0.001; e.g. increase in MVPA from 8.0 to 12.5 minutes). In the most active third, there was only a slight but significant decrease in time spent in moderate activities (from 7.0 to 6.4 minutes, p = 0.03). In the control group, there was also a significant increase in all activity variables in the most inactive third (all p ≤ 0.01), however the changes were smaller than in the intervention group. In the most active third among the controls, there was a significant decrease in activity time for all variables (all p ≤ 0.001). Table 4 presents the results of the mixed linear models. When clustering was not taken into account, several differences in changes expressed by the time × group interaction term coefficients were significant. However, when taking into account clustering, some differences of change ceased to be so. For the whole sample, differences in change between baseline and follow-up in the number of steps remained of borderline significance (p = 0.056) with a higher positive change in the intervention compared to the control group. In girls, the decrease in sedentary time was significantly higher in the intervention than in the control group, and so was the increase in time spent in vigorous activities and in counts/minute. There were no significant differences in change in boys. In the most inactive third, the increase in steps was significantly higher in the intervention compared to the control group, while the change differences in MVPA were borderline significant (p = 0.058). In the most active third, changes in steps were significantly more favourable in the intervention than in the control group.
Acceptance of and Satisfaction with the Y + S Kids Teachers' Training Course
Immediately after the Y + S Kids training course, all 41 course participants were satisfied with course content, 56% were even completely satisfied. 93% reported that they would be able and 7% that they would be partly able to use what they had learnt in the course in practice. 90% of course participants were planning to offer a Y + S course. Overall, the general comments on the teachers' training course were positive, with some reservations about the administrational requirements of the program.
The six teachers of the intervention classes still rated their training course very positive five months later. They especially appreciated its practice-orientated format and they reported to frequently use the course material. Again, two of the six intervention teachers still mentioned their reservations about the administrative requirements.
Discussion
There was a small but statistically significant increase in activity time and a decrease in sedentary time during PE in the intervention group between baseline and follow-up while there were no significant changes in the control group, indicating that there was an intervention effect of the Y + S Kids teachers' training course in regular PE lessons. In particular, girls and the least active children at baseline profited most with highest increases in activity time in the intervention group. These results suggest that also less extensive school-based interventions that are feasible for wide implementation have the potential to improve the quality of PE lessons as indicated by activity time of children. Y + S Kids is already widely implemented in Switzerland and is therefore a good example of a feasible and effective national program. Moreover, the high acceptance of the teachers' training course supports the feasibility of wide implementation.
Even though the PE lessons are the same for boys and girls, girls were less active at baseline than boys. The intervention was able to decrease this gender difference perhaps in the way that activities were performed that are also attractive for girls.
The share of MVPA during PE in our study (27% in intervention, 31.8% in control group at baseline) was lower than the average of 37% derived from other studies included in a review [19] , though it has to be noted that the majority of those studies had not used accelerometers to assess physical activity. Shares of 11% to 13% [20] or 33% [12] of MVPA in PE were found in more recent studies when accelerometers were used. In accelerometer studies, activity time also depends on cut points, selecting lower ones increases activity time [21] . The two other studies have used 15% lower [20] and 13% lower [12] cut points than our study. Therefore, there is some limitation regarding the comparability of proportions of activity times between studies. In our study, as in the other Swiss investigation, girls were less active than boys. However, such a sex difference had generally not been found in the earlier review [19] .
The analyses revealed that the increase in activity time in the intervention group was mainly due to changes in vigorous-intensity activities, as reported elsewhere [11] . These effects were most pronounced in girls. As vigorous-intensity activities account for a relatively low amount of total (MVPA) activity during a general day (around 13% in girls and 17% in boys [22] ), an increase in such activities during PE is most welcome. However, it also has to be noted that even though the changes were statistically significant, they were small (in the range of 1 minute for vigorous-intensity activities and 1.5 minutes in MVPA for one PE lesson or a 12% increase in activity time from 27.5% to 30.1%), indicating that there is still room for improvement, especially when 50% of time spent with MVPA during PE is recommended [9] [10] .
For the most inactive third at baseline, increases in activity time were also observed in the control group, however these were smaller than in the intervention group. Furthermore, while the most active children in the intervention group maintained activity time, this group of children in the control group significantly decreased theirs. This may be interpreted as "regression to the mean" [23] in the control group, a phenomenon which could not be observed in the intervention group.
The intraclass correlation coefficients were between 0.1 and 0.3 for most outcome variables (data not shown) and therefore in the range assumed when doing the sample size calculations. The fact that several of the associations in the mixed linear models ( Table 4) were not significant anymore after taking into account clustering indicates that the teachers had a considerable influence on children's physical activity levels during PE classes.
As the proportion of time spent in physical activity also depends on the cut points as described above, it is theoretically possible that the choice of cut points may also have affected the observed differences in physical activity over time. However, it is unlikely that the effects of different cut points on activity time are differential with respect to intervention and control group and would so alter the net intervention effect.
Other studies have reported positive effects of interventions on physical activity time during PE [24] . All these studies assessed physical activity using the System for Observing Fitness Instruction Time (SOFIT) [24] and only one study used accelerometers in combination with SOFIT [25] . Direct comparability of intervention effects is thus limited. Increases in activity time up to 20% when comparing intervention to control groups were reported when using observational assessment. In the one study also using accelerometers a significant increase in time spent in MVPA of 14% in the intervention compared to a 4% increase in the control group was found when activity time was assessed by observation, however no effects were found according to accelerometer data [25] . Only in two of the studies included, the intervention was based on teaching PE teachers to better manage and organize PE classes [26] [27] corresponding to the intervention approach in our project; in both studies significant increases in physical activity between 5% and 13% by observation were reported. Another intervention supporting teachers to improve PE teaching in terms of increasing activity time reported a significant 3.3% increase in vigorous physical activity and a non-significant 4.5% increase in MVPA in the intervention compared to the control classes translating to a gain of <1 minute of MVPA per average 21-minute lesson [11] . When investigating the influence of the PE teachers' professional background the SPARK study found highest physical activity levels during PE when taught by trained PE specialists, followed by trained classroom teachers and untrained classroom teachers [4] . Overall, the intervention effects in our study were comparable to those reported by others, confirming those findings obtained from studies using observational assessment by objectively assessed changes in physical activity.
The strength of our study is the objective assessment of physical activity, the high participation rate at the level of children, the standardised intervention for all teachers of the intervention class, and the investigation of a widely implemented intervention. The study design (quasi-experimental rather than randomised) may be regarded as a limitation, however it was not feasible to randomly assign participating teachers to the intervention which also included offering an additional PE lesson (Y + S Kids course) for their class during one year. The follow-up was relatively short, but we assumed that effects on the quality of PE should be observable soon after the intervention. Due to organisational issues, the study could not be blinded. The participation rate at the school level (26.9%) may seem low; however, the main reasons for non-participation were other priorities of the schools and not a general lack of interest. A similar selection mechanism regarding participation in the Y + S Kids program is likely to also take place outside this study. Therefore, the results of our study should be generalisable to teachers and classes participating in Y + S Kids not in the context of this study. We could only reach about 90% of the target sample size of 260 children; moreover, the group allocation was unbalanced (86 in intervention group, 151 in control group). This may be a reason why the mixed linear models reached significance only in some sub groups and for specific physical activity variables.
Ideally, further research should include a randomised study design, assess also other quality indicators of PE, look at changes in overall physical activity in a larger sample and also integrate long-term maintenance of physical activity. Whether a specific focus of training courses aiming at an increase in activity time during PE would bring further improvements in physical activity remains to be explored.
Conclusion
In conclusion, this study indicates that a short two-day teachers' training course for classroom teachers aiming at increasing didactical and organisational skills in the context of a nation-wide available physical activity and sport program can have subtle positive effects on quality of PE assessed as physical activity time during PE classes, particularly in girls and the least active children. Even though the absolute increase in the range of 1.5 minutes in all intervention children and 4.5 minutes in those inactive at baseline is quite small, it is in line with results reported in other studies [11] [27] . This is the first study on the effectiveness of the widely implemented Y + S Kids program regarding a quality improvement of PE assessed as activity time during PE.
